Microclimate is a climatic phenomenon of a very local area that is affected by the variation of natural earth surfaces in urban area. The urban growth expedites to change land use and land cover pattern of a city that modify the built environment, alter the composition of the atmosphere and form a distinct local climate in the cities. The radical land use and land cover change also alters the meteorological condition of a city. The relationship between land use land cover and thermal environment has long been studied to identify the impacts of urban growth but for this study area no such effort is taken. This study focuses on detecting the changing pattern of the cities adjacent Padma River and land uses, finally the impacts of such changes on the microclimate are assessed. This study is conducted based on Landsat time series data of 1989, 1996, 2005 and 2015 using ENVI and ArcGIS 10.2 softwares. The result demonstrates that the city is experiencing continuous change in land cover pattern, where the city centre is more vulnerable to change than its fringe. Another significant change is observed in the morphology of river Padma; it shows continuous shift of the river channel and increase in the Char land. The interactions of land use land cover and LST depicts a continuous increase in the mean surface temperature over bare soil following impervious area. The results underscore that two factors are contributing to influence the microclimate of the study area: First, the areal extent of surface water particularly the river Padma is losing stream and generating more bare soil (Char Land); second, impervious area is increasing and natural earth surfaces are decreasing.
vegetation and water bodies, in contrary increases impervious surfaces. The existence of water bodies provide cooling effect through the process of evapotranspiration. The incidence of solar radiation on the surface water results to vaporize water and reduce the heat thereby, it helps to cool the surrounding environment.
Rapid urbanization influences to fill water bodies therefore, increases in mean air temperatures is becoming an increasingly significant phenomenon in the world [1] . Particularly, urbanization induced land use and land cover change alters the meteorological condition of a city. The consequences of urbanization result in the reduction of rainfall, increment in the air temperature, relative humidity and energy demand that in turn aggravate the problems of urban heat island [2] . Land use and land cover composition shapes the built environment and leads to change the microclimate of a city.
The disruption of the natural and built environments caused by urban growth is serious in the climatic point of view that in turn results excessive heat storage and high concentration of air pollution [3] . Urbanization usually gives rise to a dramatic change in the land use land cover pattern of the city that results in the reduction of greenery and water bodies and an increase in the impervious areas [2] . Microclimate is defined as the climatic environment of a very local area that is affected by the alteration of vegetation and impervious surfaces in city area [4] . The land use and land cover along with the Land Surface Temperature (LST) is a climatic phenomenon that reflects an integration of heterogeneous matrix of the urban microclimates [5] . Land surface temperature is a key factor that results the interaction between land surface and atmosphere, exchange of matter and energy [6] . Surface temperature is an important factor in urban microclimate that provides quantitative information on the effects of the land use and land cover change [7] . The LST derived from satellite images is a key variable to understand the impacts of land use land cover changes [8] . The urban heat island effect resulting from land use land cover change is attracting attention among the global scientists, environmentalist, geographers and city planners [2] . Several studies on the land use and land cover change; urban growth and surface warming have been conducted over 50 years. For example, Huang, et al. [2] conducted a research to assess the effects of different types of urban land cover on air temperature. Trees and vegetation play vital role to mitigate UHI effects thus [9] conducted a study to identify the green spaces growth impact on the urban microclimate. The pattern of rapid urbanization and its impact on surface warming over eastern China was detected by [10] using nighttime light images. On the other hand, [8] used Landsat imagery to explore urbanization induced land use land cover changes and its impact on the land surface temperature. Using standard statistical technique a study was conducted to assess the impact of urbanization driven land use change on the microclimate as extreme precipitation events in and around cities [11] . Urban Heat island intensity is relevant to the structure of the land use and land cover changes so Landsat thermal imagery were used to detect the patterns of UHI in rapidly urbanizing city, Jinan, China [12] . Another study was conducted on the relationship between the land surface temperatures and land cover changes in Dhaka Metropolitan Area [13] . Urban heat island (UHI) is considered as one of the main causes of urban micro-climate warming thus [14] applied a simple regression model for the derivation of future LST for the capital city Dhaka, Bangladesh. Hasan et al. (2014) used NOAA satellite images to estimate the land surface temperature of Bangladesh [15] . On the other hand, [5] conducted a study was in the Phoenix metropolitan area to examine spatial patterns of land use, plant density, and microclimate.
The urban microclimate affects the levels of human comfort also affects the biotic process of the plants and animals [5] .
Rajshahi has a tropical dry climate with limited rainfall and it seems that the city is becoming warm day by day. Worldwide a number of studies have provided the basis for understanding the relationship between land use land cover change and its impact on the land surface temperature. However, none such effort is taken for this study area. Recently, Rajshahi is experiencing urbanization; in addition, the adjacent river the Padma is dewatering and increasing bare soil (Char land). Therefore, this research is conducted selecting Rajshahi Metropolitan Area as a typical study area. The goal of the study is to explore the temporal land use and morphology of the River Padma and to investigate the impacts of such changes on the microclimate of the city. The time series data of Landsat is used to prepare land use and land surface temperature maps. Finally, the relationships are assessed in terms of land use and LST by taking two transect profiles. It is expected that the findings of this study will bring about more insights for understanding the climatic variability over the last several decades in the Rajshahi Metropolitan area. In addition, the study may serve as guidance to the policy makers and planners for sustainable management of urban environment.
Data and Study Area

Study Area
Rajshahi the fourth largest metropolitan city of Bangladesh is selected as the study area for this research. The study area is located to the northwestern part of Bangladesh along the banks of the River Padma. It lies at 24˚07' to 24˚43' north latitudes and 88˚17' to 88˚58' east longitudes (Figure 1 [16] .
Rajshahi is the prominent city in the north Bengal of Bangladesh. The historical growth of Rajshahi Metropolis in terms of urban population shows an increasing trend but the level of urbanization is very slow compared to the other metropolitan cities of Bangladesh. Dominance of agriculture, absence of industrial activities on a significant scale is a characteristic feature of this area. It was simply a district town prior to 1947 that had become a divisional headquarters in 1947 and finally achieved the status of City Corporation in 1991 [17] . The most significant feature of this area is its tropical wet and dry climate. The climate is generally marked with monsoons, high temperature, considerable humidity and moderate rainfall. The hot season commences early in March and continues till the middle of July. The maximum mean temperature is about 32˚C to 36˚C during the months of April, May, June and July and the minimum temperature is about 10˚C in January. The city has a sub-tropical monsoon climate, which falls within a low rainfall zone of the country with average annual rainfall 1100 -1350 mm [17] .
Data
Multi-temporal Landsat satellite imagery and meteorological data are used for this study. The Landsat satellite imagery of 1989, 1996, 2005 and 2015 is collected from the official website of US Geological Survey (Table 1) . Landsat Path 138 and Row 43 cover the whole study area. Map Projection of the collected satellite images is Universal Transverse Mercator (UTM) within Zone 45 N-Datum World Geodetic System (WGS) 84 and the pixel size is 30 meters. To obtain better result utmost effort is given to select the satellite imagery of similar dates and months but due to the non-availability of cloud free data there is a little variation in the collected satellite images.
Meteorological data is an important factor of urban microclimate that provides quantitative information on the effects of land use and land cover change [7] . Therefore, the climatic records (precipitation, temperature, relative humidity and wind speed) from 1980 to 2015 are collected from Bangladesh Meteorological Department (BMD). To assess microclimate, the climatic records from one station is not adequate but one of the limitations of this research is that the study area contains only one meteorological station. Thus, the climatic data from only one station is collected. In addition, the administrative boundary of the study area is collected to prepare the base map. 
Methods
The study covers three parts namely land use and land cover classification, retrieval of land surface temperature and assessing the impact of land use and land cover change on the microclimate.
Image Processing and Classification
To ensure high accuracy, the temporal land use classification requires conversion of Digital Number values to surface reflectance values. Therefore, before classification the atmospheric and radiometric correction is done using ENVI software. In this research, four Lands at imagery acquired between 1989 and 2015 are used ( Table 1 ). The collected imagery are classified based on four land cover classes: built up, water, vegetation and bare soil ( Table 2) . As the resolution of the images is not good enough therefore, careful consideration is given to select the training samples. In this study, first, unsupervised classification is per- 
Estimation of Land Surface Temperature (LST)
where 
where, T (in degree Celsius) is calculated using Equation (3). 
where
Lastly, the land surface temperature is estimated using Equation (4).
( )
where, λ = Central band wavelength of emitted radiance T = Satellite temperature ε = Emmissivity (calculated using the Algorithm 5)
0.004 0.986
where, v P = Proportion of vegetation (calculated using the Algorithm 6)
Evaluating the Interactions of Land Use Change and Microclimate
Regression analysis is widely used to present the relationships in various fields but this approach requires large number of temporal data. As this study is conducted based on the four time series data therefore, regression analysis is not feasible. In this study, the estimated temporal land use and surface temperature is compared graphically to explore their interactions. Lastly, vertical and horizontal transect profile is taken for better understanding of the local spatial variability of land use and land surface temperature.
Results and Discussion
Land Use and River Morphology
The land use land cover classification result depicts that, vegetation is the dominant land cover of the study area. The second dominant land cover is baresoil as the study area contains the Padma River with a long track of char land. The detail of the land use and land cover dynamics of the study area from 1989 to 2015 is shown in Figure 2 . From Table 3 it is apparent that almost 46% -59% of the land area is occupied by vegetation and a significant portion 24% -38% of the study area is baresoil. The proportion of builtup area is comparatively low than other land use land cover. In 1989 the aerial extent of the builtup area was only 2% that has reached to 9% by 2015. It is noteworthy that among all the land covers only builtup area shows an increasing trend. The relative change of land use land cover shows a decreasing trend in the vegetation and an increasing trend in the bare soil and builtup area (Figure 3 ). Over the last 10-year period from 2005 to 2015 the vegetative area is decreased about 10% and bare soil is increased about 10%. The result demonstrate that the overall land use land cover and river morphology of the city is changing. The adjacent river Padma played significant role to cool the city. However, the result demonstrate a significant change in the river Padma. In 1989 and 1996, the river was very close to the city core area (see Figure 2 Figure 2(d) ). In terms of areal extent, a considerable change is also observed where the former width of the river channel was larger than current years. The result also demonstrate that as the river has shifted more heat generating bare soil is observed adjacent to the city core area.
Land Surface Temperature (LST)
The retrieved LST trend during 1989-2015 over Rajshahi Metropolitan area is shown in Figure 4 . The result shows that both the maximum and minimum temperature is increased ( Figure 5 ) and on average, the LST is increased by 2˚C over the study area. To understand the variability of LST over different land covers 100 sample pixels for each land cover are taken and extracted the corresponding LST using ArcGIS 10.2 software. The results demonstrate LST vary over different land cover. As shown in Figure 6 , it is evident that the mean temperature is highest for the bare soil that is followed by built up area, vegetation and water.
Meteorological Condition
To measure the quantitative information of the effects of land use land cover change on the microclimate the meteorological data during 1980-2015 is assessed. The statistical result shows that the annual average precipitation and wind speed is declined (Figure 7 & Figure 8 ). On the other hand, average annual relative humidity is increased ( Figure 9 ) and annual maximum temperature prevails to be similar (Figure 10 ). In summary, it can be concluded that the global climatic condition of the city is also changing. 
Assessment of the Microclimate
The result of historical growth of the study area presents two-way linear expansion along North-South and East-West direction. Moreover, all the built up areas are concentrated in the city centre thus two transect profiles (Vertical:
North to South and Horizontal: East to West) are taken to describe the relative change in the LST and land use during 1989 to 2015. The vertical profile of the city ( Figure 11) shows that the river area generates least LST and char lands adjacent to the river generates highest LST for all the years. As the builtup area was very limited during 1989 to 1996 therefore, no significant difference in the LST is observed in the city centre and city fringe during this period (Figure 11 (a) and The results demonstrate that the study area did not experience too much land use and land cover change except the city centre. Particularly, more change is observed in the Padma river channel. As water, area is decreasing and shifting away from the original location so the cooling effect is decreasing. Consequently, the resulted bare soil has increased adjacent surface temperature of the city. In summary, it is apparent that change in land use land cover specially the bare soil and built up area influence the local surface temperature that helps to alter the microclimate of the city. 
Conclusion
In this study, time series data Landsat-5 TM and Landsat-8 OLI are used to ob-tain land use land cover information and surface temperature for the period of 1989 to 2015. During the study period, the city core area experienced significant changes in the land cover than its surroundings. In addition, the river Padma has also experienced huge morphological change. Among all the four types of land cover, the builtup areas show an increasing trend both in the city core and city fringe. The changing pattern of land use and land cover influences urban microclimate at several scales [5] and LST is a key factor that results the interaction between land surface and atmosphere [6] thus LST is used to assess the relations with the land use and land cover. The spatial statistics of the land surface temperature demonstrate an increasing trend for the period of 1989 to 2015. The bare soil generates highest surface temperature that is followed by builtup area.
The transect profile of the study area represents a significant variation in LST. In addition, the meteorological data analysis illustrates that the city has experienced adverse climatic condition with increase in the relative humidity, temperature and decrease in the average annual rainfall land wind speed. The results point to the fact that land use land cover change affects the microclimate of the city. As urbanization expands throughout the world, it is expected that rapid and unplanned urbanization might affect surface temperature in other countries and regions [10] . Therefore, detail climatic factors should be considered when evaluating land use and land cover change impact on the microclimate. In this study, the spatial variability between land use and surface temperature are used as the influencing factors of microclimate. In contrary, a generalized correlation is performed between surface temperature and other climatic factors. As the study area contains only one meteorological station therefore, local spatial variability of the climatic factors are not correlated to surface temperature at local level. Though, land use is considered as the potential factors of urban microclimate, other climatic factors for example topographic, air temperature, water information, relative humidity and soil information should be integrated to obtain local spatial variability of the microclimate in near future.
